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Defining and Determining Emissions from Refrigerate d 
Shipping Containers and the Total Refrigeration Pro cess 

in the Vicinity of Shipping Ports 

Some Background on Refrigerated Transport 

As global agriculture grows, there is a worldwide demand to expand the cold storage industry, 
since perishable items are the largest, most profitable, and fastest growing sector of 
international trade. Additionally, the frozen and refrigerated items for the retail, pharmaceutical, 
and food service industries are on the rise. Given these dynamic increases, the cold chain 
industry is quickly becoming central to all kinds of global trade in just about all commodities. 

Globalization has made the relative distance between areas of the world much smaller, 
however the physical separation of these same regions is still a very important reality. The 
greater the physical separation, the more likely freight becomes damaged moving in the import 
and export processes. To ensure that shipments are not compromised during transport, many 
businesses are turning to, and relying on cold chain technology. 

The cold chain industry is expanding and moving beyond a traditional cooler or freezer unit. 
The current market consists of ships, refrigerated shipping containers, intermodal 
transportation, and quality warehouse facilities. However, the companies that offer 
individualized and added value services as part of a complete package succeed far beyond 
competitors. In the current market, customers are demanding services such as inventory 
tracking, recall efforts, exporting and transportation services throughout the cold supply chain. 
They are looking for an integrated company structure to perform all functions.  

The primary components of a successful cold supply chain involves the following major 
players: (1) Ports; (2) Ships; (3) Refrigerated Shipping Containers; (4) Intermodal land 
transport; (5) Product Preparation Specialist; and (6) Refrigerated Warehousing Companies. 
The success of the individual companies depends on factors such as high service levels, lower 
cost, faster inventory turnovers, quicker reporting, and the ability to provide customers with 
faster and more efficient service. Instead of simply offering one service operating companies 
are consolidating services, making it more convenient and cost effective for their clients. For 
example, the cold supply chain must provide many services such as blast freezing, obtain 
certificates of export and USDA stamps of approval, consolidate the load for distribution, and 
make all arrangements until the shipment leaves port. 
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Some Background on Refrigerated Transport in the Vi cinity of Ports 

In this section of the paper we will use the ports of Los Angeles and Long Beach as examples 
to describe the structure and workings of the cold chain industries and the shipping, storage, 
and distribution of refrigerated products. At the present time refrigerated shipping containers 
dominate the industry, and their electrical refrigeration systems can be powered by ship power, 
shore power, or diesel engine Auxiliary Power Units, APU. These systems are very flexible, 
and in some situations it is possible for the refrigerated shipping container to go from producer 
to the consumer directly. However, that situation occurs rarely, and there is a need for many 
intermediate steps between the producer and consumer. Shown in Figures 1 and 2 is a sketch 
of typical processes that are encountered for export, Figure 1, and import, Figure 2, of 
refrigerated shipping containers. Of particular importance in Figures 1 and 2 are the many 
possibilities for the refrigerated shipping container to be repaired, refurbished, or recycled 
during the import or export paths. These type of actions are quite possible since refrigerated 
shipping containers are sophisticated and expensive devices. 

 

Figure 1 – Steps in the Export of Refrigerated Prod ucts from California Ports 

We begin by considering the export of refrigerated products from Southern California Ports 
which are dominated by the Ports of Los Angeles and Long Beach. At the present time 
suppliers are local as well as inland states such as Arizona, and the products cover a wide 
range, such as animal, vegetable, fruit, and pharmaceutical. In general the product has to be 
taken by truck to a location and prepared and packaged for intermodal transport by a 
refrigerated shipping container. In some cases a controlled atmosphere is necessary to keep 
the product from damage during transportation to the consumer. 
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Many large inland product suppliers, such as meat packers, have the ability to prepare their 
product for a refrigerated shipping container, and ship it directly to the port. However, a large 
number of suppliers must use temporary storage warehouses to prepare, package, and store 
their product. Also, there is the possibility of an individual shipping container transporting 
different loads at different temperatures. 

In order to support the cold supply chain there are many facilities surrounding the ports, and 
these facilities take up a space that is much larger than the port itself. For example, a partial 
list of the support facilities in the Los Angeles/Long Beach regions is the following: 

• Near-Port Cold Storage Facilities 
• Inland Empire – Home of 350 million square feet of warehousing 
• Alameda Corridor – 20 miles of port facilities outside the ports 
• Support facilities for trucking and refrigeration 

In order to understand the problems and emissions from refrigerated shipping containers it is 
necessary to include the entire infrastructure of the cold chain shipping industry, not just the 
port areas. 

  

 

Figure 2 – Steps in the Import of Refrigerated Prod ucts to California Ports 
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Shipping Containers and Their Emissions 

The primary purpose of this paper is to determine the sources of emissions from refrigerated 
shipping containers, and it has been necessary to consider the entire port area rather than just 
the port itself. Both refrigerant and regulated emissions from shipping containers are 
recognized as a significant source of greenhouse gas (GHG), and at the present time we lack 
basic information about the total refrigeration operation. As can be seen from the discussion 
given in the introduction, the refrigeration process involves a complex interaction from the 
product supplier, to intermodal transport, to temporary storage, to ocean shipper, to port, to 
temporary storage again, to intermodal transport again, to wholesaler, and to seller. 

Refrigerated shipping containers that are involved in ocean transport face a harsh environment 
on the ship due to waves and storms, as well as intermodal transport on trucks and trains. For 
these reasons they typically leak 25% of their refrigerant per year, which is much larger than 
mobile road travel. However, both the refrigerated load and the refrigerated container are 
much more valuable than other container loads. The refrigerated shipping container are very 
sophisticated, see Appendix, and an individual container can have compartments at multiple 
temperatures. For these reasons, they are frequently supplied with refrigerant and spare parts, 
and they must continually be connected to a power source. While on a ship or at a storage 
location electrical power can be supplier directly, but during ground transport they need a 
diesel APU. 

With this operating environment there are four sources of emissions from the refrigerated 
shipping containers: 

• Direct leakage of refrigerant, and the most used refrigerant at the present time is HFC-
134a which has a high global warming potential. Most of the other refrigerants, such as 
HFC-404a are even higher than HFC-134a in global warming potential. 

• Emissions from the diesel APU engines used during road transport or when shore 
power is not available. 

• Emission of refrigerant from decommissioned shipping containers when placed out of 
service. 

• Emissions from controlled atmospheres in the shipping containers, such as ethylene for 
fruit storage.  

 At the present time we do not know the details of the cold chain process in the port area, and 
in order to estimate the emissions we have to know the amount of time spent in the various 
parts of Figures 1 and 2. Given below is a partial list of the questions that have to be answered 
to determine where and at what level are the emissions from refrigerated shipping containers. 

• Are the statistics for refrigerated shipping containers the same as non-refrigerated 
containers? 

• What is the typical time for a refrigerated shipping container on the ship, in the port, at 
the port, at cold storage, and external storage waiting for transport to the consumer? 
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• What is the time for empty containers to be stored for shipping to a new destination? 
This is a serious problem in Southern California due to the imbalance of imports over 
exports. 

• What are the criteria for decommissioning a refrigerated shipping container? 
• When a shipping container fails during intermodal transport, how is it handled? 
• Where are shipping containers decommissioned? Does it go to a recycling or 

refurbishing company? 
• What are the characteristics of a typical diesel APU used on refrigerated shipping 

containers? 

A Preliminary Estimate of Emissions in the Southern  California Region 

I. Refrigerant recovery from decommissioned shipping c ontainers   

There is insufficient data on the emissions of refrigerant during refrigerant recovery from 
decommissioned shipping containers. As a result, RD staff initiated a new study entitled 
“Evaluation of Potential for Refrigerant Recovery from Decommissioned Shipping Containers 
at California Ports”, which will begin during the 2009/2010 fiscal year.  The primary objective of 
the study is to investigate the total refrigeration process in the port vicinity and to specifically 
investigate how decommissioned shipping containers are handled, disposed of, or stored in 
California port regions. It is estimated that a maximum of 300,000 shipping containers are 
currently decommissioned or refurbished at the Los Angeles-Long Beach ports each year. This 
estimated is based on the following data: 

• Approximately 20 million shipping container TEUs, Twenty-Foot Equivalent Units, enter 
California ports per year and 30% of these units, 6 million, are refrigerated shipping 
containers. 

• The average lifetime of a refrigerated shipping container is 20 years, therefore a 
maximum of 300,000 containers are decommissioned per year. 

 
The majority of the present shipping containers utilize the refrigerant HFC -134a with a charge 
ranging from 13 to 16 pounds, and it is reasonable to assume that 9 pounds of charge remains 
in the system at decommissioning. Therefore, the minimum bank per year of decommissioned 
refrigerant is approximately 1200 MT of HFC-134a, or 1.56 MMTCO2E per year, and this 
source is likely to grow in the coming years due to the expansion of refrigerated cargo.  Also, 
as much as 40% of the shipping containers use refrigerants other than HFC-134a, such as 
HFC-404a and older CFC-based systems, and these refrigerants have a much higher GWP 
than HFC-134a. Assuming that the average GWP of decommissioned refrigerants is 2500, a 
better estimated of possible emission reductions would increase to 3.12 MMTCO2E at 
California ports per year. 

In order to improve our estimations of refrigerant emissions we need to understand the total 
refrigeration process at the ports and determine the ultimate location of decommissioned 
refrigerated shipping containers. For example, as they approach end-of-life how many of these 
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containers are used for other applications, and how many containers are refurbished or 
decommissioned after being transported to inland locations. Further study will refine the 
current estimate of 300,000 containers being decommissioned per year.    

II. Leakage of refrigerant from shipping containers  in California ports   

RD staff has recognized that continuous leakage from refrigerated shipping containers is a 
source of refrigerant emissions at California ports. The leakage problem is due to the harsh 
environment of ocean ship transport, and refrigerated shipping containers leak approximately 
25% of their refrigerant per year.  Assuming that this leakage is uniform during the year, the 
amount of leakage that occurs while the containers are in port locations can be estimated from 
the following data: 

• If the 6 million refrigerated TEUs that visit the California ports per year spend an 
average of 15 days in the port regions, then we have a total of 90 million days of 
shipping containers in the California port regions. 

• A refrigerant leakage rate of 25% per year yields approximately million kg of refrigerant 
leakage per year per TEU. 
 

Thus, the total amount of refrigerant released per year is 500 MT, and if we assume the GWP 
of the refrigerant is 2500, the annual emission rate in the California port regions would be 1.25 
MMTCO2E. 

It should be emphasized that the amount of time that refrigerated shipping containers remain in 
the California port areas is not clearly defined. The above estimate is based on a fifteen day 
residence time, and further study is needed. For example, how long do containers remain on 
the ship, how long are they in temporary storage, how much time is required for the transfer to 
intermodal vehicles, and how long do they remain on the intermodal vehicles in the port areas?  

Replacing current refrigerants with a low GWP refrigerant is the only feasible mitigation option 
to reduce GHG emissions at this time. HFO-1234yf may be a good replacement option for 
HFC-134a, since it is currently under consideration to replace HFC-134a in the automotive 
market. This refrigerant has a GWP almost three orders of magnitude less than HFC-134a, 
and its use would dramatically reduce the global impact associated with leakage from shipping 
containers while in California ports.  Unfortunately, if a new low GWP refrigerant is introduced 
as the old fleet is retired, it will take up to 20 years to fully replace the current refrigerants being 
used.  

III. Diesel engine emissions from refrigerated ship ping containers during 
processing in California ports 

During the last decade there has been considerable progress in reducing diesel engine use 
with electrification solutions at California ports. However, due to the large volume of 
refrigerated cargo handled at the ports, only a portion of refrigerated containers are presently 
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using electrified shore power.  In fact the emissions from the shipping container diesel engines 
may be larger than the emissions due to heavy duty (HD) truck idling. We can estimate the 
emissions from the following data: 

• Assuming that the diesel engines on the 90 million days of refrigerated containers in the 
near port areas are used 5% of the time, there would be 108 million hours of 
refrigerated shipping container diesel engine use per year. [Note again: There is a very 
big need to know much more about the total refrigeration process at ports.] 

• A reasonable estimate of fuel consumption for the diesel engines of the refrigerated 
shipping containers is 2.2 kg per hour, then the estimated total diesel fuel use is 237 
million kg per year. 

•  Recent data from the California ports estimate that HD diesel trucks have an idling time 
of approximately 6 million hours per year inside the port region itself, and diesel fuel 
consumption can be estimated as 0.5 gallons per hour or approximately 2 kg per hour, 
and an estimated total diesel fuel use of 12 million kg per year. 

 
Therefore, it appears that the CO2 and exhaust emissions from diesel-powered refrigerated 
containers are approximately twenty times greater than those from HD truck idling. The total 
CO2 emissions from the consumption of the fuel by the shipping container diesel engines are 
approximately 0.75 MMTCO2.  
 
Many uncertainties are associated with the above analysis of diesel-powered refrigerated 
containers. For example, data is lacking on the emissions of criteria pollutants from the diesel 
engines that power the refrigerated shipping containers, since the harsh environment of the 
ocean vessels is another consideration that could strongly influence the operation of these 
engines.  Therefore, further information must be obtained before proposing options to reduce 
emissions from these diesel engines. 

The possible emissions can be summarized in the following Table I : 

Table I Summary of total emissions at port regions 

Emission Category (MMTCO2E)   Ports  

Decommissioning of Shipping Containers    3.12 

Leakage of Refrigerant       1.25  

Shipping Container Diesel Engines     0.75 

Total Sum of Emissions       5.12 
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Interaction with the Shipping Container Industries 

In order to define both the cold chain and emissions from refrigerated shipping containers it will 
be necessary to work together with the major companies that make up the industry. A partial 
list is the following: 

• User of Refrigerated Shipping Containers: Wal Mart 
• Constructor: Carrier-Transicold 
• Port: Los Angeles and Long Beach 
• Shipping Company: ????? 
• Cold Storage and Product Preparer: Versacold Los An geles 
• Repairs, Refurbish, and Recycler: ConGlobal Industr ies, Los Angeles 

If we are able to obtain the cooperation of the listed companies or their equivalents, then we 
will be in a position to define a program to lower emissions. Without the cooperation of the 
companies there is a high probability of working on the wrong problem or only part of the 
problem. 

Summary 

As can be seen from the discussions presented in the above text, the treatment of refrigerated 
shipping containers is much different than non-refrigerated shipping containers. Since 
refrigerated shipping containers are a source of emissions, it must be determined what these 
differences in treatment are. To assume that their handling and statistics are the same as all 
shipping containers would be a serious mistake. Therefore, the first step in this process should 
be to understand the cold chain or total refrigeration process associated with the transport of 
refrigerated loads. 
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Appendix A. Anatomy of a Modern Shipping Container System 

The purpose of this appendix is a give a brief description of a modern shipping container 
system. At the present time the two major industrial players in the world are Carrier-Transicold 
and Thermo-King, and Carrier-Transicold share of the market is larger than all of its major 
competitors combined. The major characteristics of a modern refrigerated shipping container 
are the following: 

• The systems use R134a as the refrigerant. 

• The systems are electrically driven, and they are semihermetic. These types of systems 
are more efficient and leak less refrigerant than mechanically driven systems. Some of 
the newer systems use scroll compressors that are more efficient mechanically than 
piston driven compressors. 

• The electrical power supply can come from a ship central electrical generator or from an 
add-on generator-set that is driven by a diesel engine. The industry trend is to use add-
on generator-sets since the shipping containers are located in the atmosphere to allow 
for easy loading and unloading. 

• The diesel engines used for the generator-sets are essentially the same as the diesel 
engines currently used on large TRU refrigerated trucks in California. 

A brief description of a system will be presented with the use of pictures and data from typical 
industry and Carrier-Transicold systems. Shown in Figure 1 is a typical container ship with a 
load of externally mounted shipping containers. The average load of refrigerated containers on 
a container ship is 30%. 

 

 

 

 

 

 

 

 

 

Figure 1. An example of a container ship with a loa d of shipping containers   

Externally mounted shipping containers  
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Shown in Figure 2a is a shipping container being transported from a container ship, and the 
electrically driven refrigeration system is shown on the end of the shipping container. The 
refrigeration system is quite narrow, and it can be easily replaced. 

 

Figure 2a. A shipping container being unloaded from  a container ship with a view of the 
thin electrically driven refrigeration system 

Shown in Figure 2b is an example of how the refrigerated loads inside the container can be at 
different temperatures during transit. 

 

 

Figure 2b. Typical dual loads that can be used in a  modern shipping container 

The next page, Figure 3, of the appendix gives the specifications a typical modern refrigeration 
system used on shipping containers. 
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Figure 3. Specifications of a typical refrigeration  system for a refrigerated shipping 
container  

The generator-sets that are used to drive the refrigeration system are diesel engine powered, 
and these diesel engines are essentially identical to those used to power large TRUs in the 
California market. The specifications for a typical system are shown in Figure 4 below. 
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Figure 4. Specification for a diesel engine generat or set used to drive a shipping 
container refrigeration system 

 

 


